In patients with acute coronary syndromes (ACS), the negative impact of baseline haemoglobin levels on ischaemic events, particularly death, is well established, but the association with bleeding risk is less well studied. The aim of this study was to assess the impact of baseline haemoglobin levels on major bleeding complications.
Introduction
Anaemia is associated with a higher risk of short-and long-term mortality across the whole spectrum of patients with coronary artery disease, including chronic stable angina, ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation acute coronary syndromes (NSTE-ACS), 1 and those undergoing percutaneous coronary interventions (PCI). 2, 3 The relation between baseline haemoglobin and ischaemic outcomes was shown to be curvilinear, 1, 4 with the lowest rate of ischaemic events and death occurring in patients with a baseline haemoglobin level of 15 g/dL, and higher rates in patients with haemoglobin levels below and above this value. 1 An association between anaemia and adverse outcome has also been described in patients with heart failure, 5 -7 renal failure, 7 -10 diabetes, 10 -12 undergoing various types of surgery, 13 -15 including cardiac surgery, 16 malignancy, 17 the elderly, 18 in women, 19 and in the general population. 20 In addition, low baseline haemoglobin level was shown in some reports to be an independent predictor of bleeding. 21, 22 However, the impact of baseline haemoglobin level on the risk of bleeding in ACS, with or without ST-segment elevation, has never been addressed in a large cohort. Indeed, the presence of low haemoglobin level at admission may mirror the presence of unrecognized haemorrhagic diathesis, which may lead to an increased risk of bleeding, given that anticoagulants and antiplatelet agents are important components of the treatment of these syndromes. The goal of our study was to assess the impact of baseline haemoglobin levels on major bleeding complications, and secondarily on death and death/MI at 30 days in a cohort of over 32 000 patients from the OASIS 5 and 6 trials.
Methods
The OASIS 5 and OASIS 6 cohorts of patients were pooled together for the purpose of this analysis. The design and methods of the OASIS 5 and OASIS 6 trials have been reported in detail. 23, 24 In brief, OASIS 5 was a randomized, double-blind, placebo-controlled, parallel group trial of fondaparinux vs. enoxaparin in 20 078 patients with unstable angina or non-ST elevation MI. Patients were eligible for inclusion if they presented to hospital with symptoms of NSTE-ACS, with at least two of the following criteria: age 60 years, troponin T or I or CKMB above upper limit of normal or ECG changes suggestive of ischaemia (ST depression .1 mm in two contiguous leads or T-wave inversion .3 mm or dynamic shift in ST-segment or transient ST elevation). Patients were excluded if they had a contraindication to low molecular weight heparin or fondaparinux, or haemorrhagic stroke within the previous 12 months or severe renal insufficiency (serum creatinine .3 mg/dL or 265 mmol/L). Patients were followed for a minimum of 90 days and a maximum of 180 days. The primary efficacy outcome (assessed at 9 days) was a composite of death, MI, and refractory ischaemia. The primary safety outcome was major bleeding at 9 days. Information on both outcomes was available at 30 days and 90 -180 days. OASIS 6 was a randomized, double-blind trial of fondaparinux vs. usual care in 12 092 patients with STEMI. Exclusion criteria were the same as used in OASIS 5. Treatment allocation was randomized and stratified by indication for the use of unfractionated heparin (UFH) based on the investigator's judgement. The 5658 patients of stratum 1 (no indication for UFH) were assigned to receive blinded fondaparinux 2.5 mg (or 5.0 mg in case of PCI without the use of a glycoprotein IIb/IIIa inhibitor) or matching placebo once daily, given intravenously for the first dose, and subcutaneously thereafter for up to 8 days or hospital discharge. The 6434 patients in stratum 2 (indication for UFH) were assigned to receive either fondaparinux or UFH in a double-blind design. As in OASIS 5, patients were followed up for a minimum of 90 and a maximum of 180 days. The primary efficacy outcome was death or re-infarction at 30 days, and the safety outcome was major bleeding.
In both trials, outcome events were adjudicated by a committee blinded to treatment allocation. The definitions of MI, stroke and bleeding, and the classification of deaths have been previously published. In brief, major bleeding was defined as clinically overt bleeding that is either fatal or symptomatic intracranial haemorrhage, retroperitoneal haemorrhage, intraocular haemorrhage leading to significant vision loss, decrease in haemoglobin of at least 3.0 g/dL (with each blood transfusion unit counting for 1.0 g/dL of haemoglobin), or bleed requiring transfusion of two or more units of red blood cells or equivalent of whole blood.
For the purpose of this study, major bleeding complications were categorized as overall, procedure-related, and non-procedure-related major bleeding. Procedure-related bleeding referred to any non-CABG major bleeding induced by any diagnostic or therapeutic invasive procedure, such as coronary angiography, PCI, intra-aortic balloon pumping, among others. Special attention was paid to blood transfusions, which were a component of the definition of major and minor bleeding. Patients with low haemoglobin levels at baseline may have been transfused in the absence of overt bleeding. Therefore, transfusion of packed red blood cells or whole blood (regardless of number of units given) in the absence of overt bleeding and/or at least 1 g/dL fall in haemoglobin was not considered as bleeding. All the endpoints of interest (death, MI, and bleeding) were assessed at 30 days.
Statistical analysis
All analyses were performed using SAS software, version 9.1 (SAS institute Inc., Cary, NC, USA).
Baseline characteristics
Patients were divided into groups according to 1 g/dL increments in haemoglobin levels from ,10 up to .17 g/dL. The number of patients and their baseline characteristics and in-hospital treatments within each haemoglobin category were compared using a x 2 test for categorical variables and ANOVA for continuous variables. ANOVA was used to analyse the statistical significance of the relationship, if any, between baseline haemoglobin and baseline characteristics (age, heart rate, systolic blood pressure, previous history of MI, diabetes, hypertension, heart failure, smoking, serum creatinine and creatinine clearance, GRACE risk score), as well as the relationship between baseline haemoglobin and rate of co-interventions, PCI, beta blockers, angiotensin-converting enzyme (ACE)-inhibitors, and angiotensin receptor blockers (ARB).
Association between baseline haemoglobin and outcomes
The number and proportion of patients who suffered from overall, procedure-related, and non-procedure-related major bleeding, death, MI, the composite of death, or MI were examined in different haemoglobin categories using a x 2 test. To evaluate the relationship between baseline haemoglobin categories and outcome, we graphically explored and fitted piece-wise with one slope until haemoglobin of 15.9 g/dL and a different slope above that value. We obtained two odds ratios (ORs) for the two ranges, estimating the effect of 1 g/dL increase in haemoglobin on the outcome under consideration. Separate multivariable logistic regression models were used to determine independent predictors of overall, procedure-related, and non-procedurerelated major bleedings, as well as independent predictors of death and death/MI at 30 days, with adjustment for baseline demographics, prior medical history, cardiovascular risk factors, randomized treatment allocation, and co-interventions. For each model, we pre-specified baseline characteristics and co-interventions that were believed to be associated with baseline haemoglobin or with the outcome of interest based on biology, pharmacology, and clinical experience. A two-sided P-value of ,0.05 was considered statistically significant.
Results
The baseline characteristics of the OASIS 5 and OASIS 6 cohorts have been reported elsewhere. 23, 24 In the combined OASIS 5 and 6 cohort, anaemia (as defined according to the WHO definition, baseline haemoglobin ,13 g/dL for men and ,12 g/dL for women 25 ) was present in 6565 (20.5%) patients [4083/20 981 (19.5%) men and 2482/10 958 (22.6%) women, P , 0.0001]. However baseline haemoglobin ,10 g/dL was found in only 805 (2.5%) patients, of whom 370 (46%) were men.
The baseline characteristics, treatment, procedures, and events occurring during the hospital phase according to baseline haemoglobin are presented in categories by increments of 1 g/dL from ,10 to 17 g/dL in Tables 1-3 . There were significant differences in baseline characteristics and co-interventions according to baseline haemoglobin levels. Patients with lower baseline haemoglobin levels tended to be older, were more frequently females, and had a lower body weight, higher heart rate, and lower systolic and diastolic blood pressure than patients with higher levels. They tended also to have more co-morbidities than patients with higher levels of baseline haemoglobin, as shown by the more frequent previous history of coronary artery disease (MI, PCI, or CABG), higher rates of diabetes, hypertension, and heart failure. The rates of current or former smokers were lower among patients with lower levels of haemoglobin and increased gradually above 15 g/dL of baseline haemoglobin. Creatinine clearance tended to be lower in individuals with low baseline haemoglobin levels. There was a significant inverse correlation between GRACE risk score and baseline haemoglobin levels (r ¼ 20.20; P , 0.0001). Finally, patients with lower levels of baseline haemoglobin were less likely to undergo coronary angiography and PCI during hospitalization than those with higher levels or to receive beta-blockers and ACE-inhibitors and were more prone to receive ARB.
The rates of major bleeding were significantly higher with lower levels of baseline haemoglobin, with a progressive increase in the rates of overall, procedure-related, and non-procedure-related major bleeding from the highest to the lowest levels of baseline haemoglobin in the whole cohort as well as in NSTE-ACS and STEMI populations ( Figure 1 ). This trend was not apparent when bleeding was graded according to the TIMI major scale. This may be because this scale lacks sensitivity, as shown by the very low rates of TIMI severe bleeding. The frequency of the clinical components of the definition of major bleeding was well balanced over the four quartiles ( 
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Randomized 31 939 (100) 805 (100) 1017 (100) 2490 (100) 4893 (100) 7119 (100) 7482 (100) 5101 (100) 2204 (100) 828 ( from the lowest to the highest haemoglobin level. Since transfusion without overt bleeding or with at least ,1 g/dL haemoglobin drop was not counted as a bleeding event, one can reasonably assume that a haemoglobin loss in the lowest haemoglobin levels triggered transfusion at an earlier stage in patients with already low haemoglobin levels ( Table 4) . Baseline haemoglobin was identified as an independent and a strong predictor of the risk of overall, procedure-related, and non-procedure-related major bleedings at 30 days (OR 0.94, 95% CI 0.90-0.98; OR 0.94, 95% CI 0.90-0.99; and OR 0.89, 95% CI 0.83-0.95, respectively, per every 1 g/dL haemoglobin increment above 10 g/dL), along with treatment allocation, age, creatinine clearance in all categories of bleeding. Gender and diabetes (overall major bleed) and heart failure (procedure-related and non-procedure-related bleedings) were also found to be independent predictors ( Table 5) .
In addition, a curvilinear relationship between baseline haemoglobin levels and death at 30 days was observed with a 6% decrease in the risk for every 1 g/dL haemoglobin increment above 10 g/dL up to 15.9 g/dL (OR 0.94, 95% CI 0.90-0.98) and a 19% increase above this value (OR 1.19, 95% CI 0.98-1.43) (Figure 2 ). This curvilinear relation was also observed for the composite endpoint of death/ MI (OR 0.96, 95% CI 0.93-0.99 up to 15.9 g/dL baseline haemoglobin; OR 1.15, 95% CI 0.99-1.34 above this value).
Baseline haemoglobin was shown to be an independent predictor of death, death/MI, at 30 days along with treatment allocation (fondaparinux vs. enoxaparin/UFH/placebo), heart failure and diabetes at baseline, the use of PCI, and creatinine clearance ( Table 6 ).
Discussion
The main finding of this study is the inverse relation between baseline haemoglobin and major bleeding risk in the whole cohort as well as in NSTE-ACS and STEMI populations ( Table 3 and Figure 1 ). Anaemia as defined according to the WHO criteria 25 is frequent in ACS and may be present in 5-10% of patients with NSTE-ACS. However, much higher rates were found in many instances, 19.5% of men and 22.6% of women in this report, in 30.6% of cases of ACS patients in another study, 1 and in up to 43% in elderly patients with acute MI. 26 Anaemia is associated with older age 27 -29 and co-morbidities, such as presence of diabetes, 11 renal failure, 8 and heart failure, 5, 6 but also with non-cardiovascular conditions such as haemorrhagic diathesis or malignancies, 17 which may have an impact on outcome. In this report, low baseline haemoglobin levels were associated with more co-morbidities, higher risk population, and suboptimal treatment. However, the relation between haemoglobin levels and outcome persisted after adjustment on a broad range of clinical, biological, and procedural characteristics including creatinine clearance. After adjustment, baseline haemoglobin remained an independent predictor of overall, procedure-related, and non-procedure-related major bleeding risk. Low baseline haemoglobin has already been reported to be an independent predictor of bleeding, 21, 22 although previous studies have focused primarily on the link between anaemia and ischaemic events, with little or no emphasis on bleeding, which has been only recently perceived as a major contributor to the short-and longterm prognosis of patients suffering from ACS. 21, 22 Baseline haemoglobin level was shown to independently predict bleeding, with an inverse relation between baseline haemoglobin levels and bleeding risk in other reports. 30, 31 Low baseline haemoglobin level may be a marker of occult gastro-intestinal bleeding, inflammatory state, or haemorrhagic diathesis that may account for propensity to bleeding in such situation. In addition, haematocrit level has an influence on primary haemostasis. Increasing haematocrit levels were shown to lead, on the one hand, to increased platelet deposition to the arterial wall and, on the other hand, to increased blood viscosity and increased shear forces that may lead, in turn, to the activation of platelet functions through ADP release by erythrocytes, 32 -34 all factors that may have protective effects against bleeding. The use of aggressive antiplatelet and antithrombin treatments as well as invasive procedures may play the role of precipitating factor. Of note also is the fact that the risk of major bleeding sharply increased for baseline haemoglobin levels below 12-13 g/ dL (lower limit of normal according to the WHO definition of anaemia), as shown in Table 3 and Figure 1 . This implies that even modestly low baseline haemoglobin levels should be factored into the therapeutic decisions in patients with ACS and lead clinicians to select procedures or treatments with known reduced risk of bleeding. In addition, a link between low baseline haemoglobin and death, and death/MI at 30 days was confirmed in our study, with a gradual decrease in the risk from the lowest levels of baseline haemoglobin up to 15.9 g/dL and an increase above this value. A J-shaped relationship between baseline haemoglobin levels and death or death/MI across the whole spectrum of ACS has already been shown, with poorer prognosis at lower baseline haemoglobin levels. 1, 18 As expected, age, gender, treatment allocation, creatinine clearance, diabetes, history of heart failure, and the use of PCI were also strong predictors of the risk of death and death/MI at 30 days. The practical implications are that baseline haemoglobin level should be taken into account in the initial risk assessment of ACS patients. The impact of baseline haemoglobin on the risk of bleeding compared with other predictors of bleeding may appear quite weak. Actually, a 1 SD decrease in baseline haemoglobin led to a 13% increase in bleeding risk. Comparatively, a 1 SD decrease in creatinine clearance or 1 SD increase in age, respectively, led to a 25 and 41% increase in bleeding risk. As bleeding has been shown to increase several-fold the risk of death and MI, 23,35 -37 the prevention of bleeding complications has become as important an objective as the prevention of ischaemic events in ACS. 38 Drugs and/or procedures that are associated with a reduced risk of bleeding should be favoured. In this regard, fondaparinux was confirmed in this report to carry a 30-36% lower risk of major bleeding compared with control treatment (enoxaparin/UFH/ placebo), depending on the type of bleeding ( Table 5 ). In addition, a radial rather than femoral approach should be favoured whenever possible, as it was shown to reduce the risk of procedure-related bleeding, need for transfusion, and death. 39, 40 Lastly, as transfusion of stored blood might have deleterious effect, a restrictive policy for blood transfusion should be implemented, with a trigger for transfusion in stable patients set at 7-8 g/dL haemoglobin level as recommended in the most recent guidelines for the management of NSTE-ACS. 38 
Limitations
This was a pooled analysis of NSTE-ACS and STEMI, which do not share the same therapeutic options and prognosis at least for the short, 30-day evolution. However, the data collected and the definition of endpoints, both bleeding and ischaemic, were common in the two cohorts and hence the analysis was carried out on a homogenous database. Great attention was paid to avoid classifying as bleeding events patients who may have been transfused merely because of anaemia at admission. Transfusion administered without overt bleeding was not considered a bleeding event.
One important limitation was that it was not possible to analyse the impact of blood transfusion on outcome according to baseline haemoglobin levels, since transfusions were part of the definition of bleeding. Causality between baseline haemoglobin and adverse outcomes cannot be established in our observational study and it is possible that the association was confounded by other baseline characteristics associated with both low baseline haemoglobin levels and adverse outcome. However, our analyses after adjustment for all known confounders demonstrate that low baseline haemoglobin levels is a marker of an increased risk of major bleeding. Lastly, it was not possible to determine the cause of low baseline haemoglobin levels from this database. Malignancy and known haemorrhagic diathesis were exclusion criteria for entry into the two studies. Most of the conditions known to influence haemoglobin levels were collected, including diabetes and renal function, so that we can reasonably assume that confounding factors were taken into account for the statistical analysis, as far as possible. Lastly, it was not possible to assess from the data collected in these two trials the adequacy of the dosing of non-study drugs.
Conclusions
Low baseline haemoglobin levels were shown in this report to be associated with an increased risk of major bleeding. After adjustment for a broad range of baseline characteristics, in-hospital treatments, and co-interventions, baseline haemoglobin was shown to be a strong independent predictor of overall, procedure-related, and non-procedure related major bleeding risk. These findings should prompt clinicians to incorporate baseline haemoglobin level in the initial risk assessment of patients presenting with ACS, for both bleeding and ischaemic risks. 
